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Studies on the nature of the bacteriophage are usually carried out 
with lysates which contain, in addition to the lyric principle itself, 
the nutrient constituents of the broth and substances set free from the 
lysed bacteria.  While such preparations are suitable for many types 
of investigation, there are certain problems, e.g.,  those dealing with 
the physical or chemical properties of the bacteriophage, which require 
the use of relatively pure phage. 
That  the  composition of the medium in  which bacteriophage is 
suspended exerts considerable influence on the physical state of the 
lyric agent was brought out by recent work of the authors (1), who 
showed that purified bacteriophage free from bacterial proteins not 
only has a  smaller particle size than non-purified phage but also will 
readily unite with proteins or protein derivatives to form the larger 
particles found in ordinary lysates.  This point, that the lyric agent 
is commonly associated with colloidal aggregates has been repeatedly 
stressed  by  Bronfenbrenner  (2)  and  it  appears  quite  logical that 
physical-chemical experiments dealing with the phage itself should 
either be performed with purified bacteriophage free from the influence 
of a  complex suspending medium such as nutrient broth, or else that 
the influence of the menstruum must be taken into accoun,  t. 
Arnold and Weiss (3)  devised a  means of preparing bacteriophage 
free from bacterial proteins based upon the diffusion of lyric corpuscles 
from a lysogenic culture seeded on nutrient agar into a bottom layer 
of plain agar.  Several extractions are made from the latter stratum 
and  one finally obtains  a  clear  uncolored phage suspension which 
gives a slight positive reaction with the usual protein reagents.  This 
may be further purified by precipitating the small residual protein 
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fraction with 14 per cent sodium sulfate.  Such preparations are free 
from antigenic bacterial proteins as evidenced by their failure to pro- 
duce  antibodies  other  than  antilysins  when  injected  into  animals. 
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FIG.  1.  Apparatus  for  preparation  of  relatively  pure  bacteriophage.  A, 
bacteriophage suspension.  B, gel of 0.5 per cent purified agar and 0.2 per cent 
c. 1,. NaC1 in distilled water.  C and D, glass bridges containing 3.0 per cent pure 
agar gel with 0.5 per cent e.1,. NaC1.  E, porcelain cup with crystals of CuC12 at 
bottom.  Water to level of dotted line.  Negative pole (Copper)  of D.C. circuit 
dips into crystals.  F, porcelain cup with crystals of NaC1 at bottom.  Water to 
level of dotted llne.  Silver foil attached to positive pole of D.C.  circuit dips 
into crystals. 
This  procedure  has  the  disadvantage,  however,  that  during  the 
numerous  extractions required to remove the proteins much  of  the 
phage is removed as well and in our hands the method has not yielded A.  P.  KRUEGER  AND  H.  T.  TAMADA  147 
protein-free suspensions of high lyric titre.  The most active prepara- 
tion we were able to make following Arnold and Weiss' process was 
not effective beyond a  dilution of 10-~.  *  In addition the concentra- 
tion of sodium sulfate in the final product is objectionable for certain 
types of work. 
Investigations  we  had  under  way  demanded  the  use  of strongly 
lytic suspensions  containing a  minimum  concentration  of the  other 
materials  found  in  ordinary  lysates.  Since  it  is  known  that  the 
bacteriophage carries a negative charge from pH 3.6 to pH 7.6 (Todd) 
(4)  it  seemed  quite  reason;a~ole  to  attempt  its  concentration at  the 
anode of some sort of cataphoresis apparatus, employing, if possible, 
a  pH lower than  the isoelectric ranges  of the other constituents  of 
the lysate in order to retain them at the cathode.  After numerous 
experiments with various forms of apparatus the following procedure 
was developed and has proven entirely satisfactory. 
Method of Preparing Relatively Pure Bacteriophage Suspensions 
Pure agar is prepared according  to the method of Dominikiewicz  (5).  To a 
0.5 per cent suspension of the pure agar in distilled  water 0.2 per cent ca,. NaC1 
is added and the mixture is sterilized  by boiling or autoclaving. 
The apparatus is explained in the accompanying diagram and requires no Special 
mention except to note that convenient dimensions  for the tube are 15 era. by 
2.5 era.  It is our practice to sterilize  the assembled apparatus and to then fill 
the bridges with sterile purified 3 per cent agar containing 0.2 per cent sodium 
chloride.  This is readily done by pipetting the  agar into the inverted upper 
bridge and by resting the distal end of the lower bridge against a fiat surface while 
it is being filled.  When the agar is hardened the lower bridge and stopper are 
fitted in place.  20 cc. of the 0.5 per cent agar containing 0.2 per cent sodium 
chloride is poured into the cylinder observing sterile precautions:  After the agar 
is hard 30-40 cc. of ordinary phage suspension is layered over it and the upper 
stopper placed in position. 
A current of 100-125 volts and from 5-12 milliamperes  is passed through the 
apparatus for 18 to 20 hours (this need not be continuous).  The phage above the 
agar is best changed once or twice during the run.  At the end of this period the 
broth is taken up by pipette, discarded, and the upper surface of the agar washed 
* We have employed the technic recommended by d'Herelle (The bacteriophage 
and its behavior, Williams and Wilkins,  1926, 96) in all quantitative estimations 
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with several changes of sterile physiological saline solution.  The lower bridge and 
stopper are removed and the agar allowed to slide out gradually.  It is sliced into 
thin sections with a  sterile spatula as it issues forth and is received in a sterile 
Petri dish,  discarding the layer 0.5  cm. thick nearest the broth.  The remainder 
is thoroughly macerated for 2-3 hours with  10-30  cc. of sterile water or saline 
solution, depending upon the type of suspension  and the concentration desired. 
It is  then  freed from agar particles  by filtration through  a  coarse  Chamber- 
land candle or by centrifuging. 
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Ct~ART 1.  Effect of agar concentration on final phage content of extract.  For 
each experiment: E.~.F.  100-102  V.  7-10 milliamperes.  Current on 18 hours. 
20 cc. agar of varying percentages from 0.5 per cent to 4 per cent all containing 
0.2  per cent  c.P. NaCI.  Extractive: 20 cc. physiological saline.  Anti-coil bac- 
teriophage.  Broth pH 7.4. 
DISCUSSION 
It was at first thought that the phage suspension used in the appara- 
tus should be adjusted  to a  relatively low pH on the acid side of the 
isoelectric points  of the  proteins  and  their  derivatives so that  these 
substances would  carry a positive charge and would therefore concen- 
trate  at  the  cathode.  However,  experiments  run  with  ordinary 
Martin~s  t/roth  suspensions  (pH  7.0-7.4)  constantly  resu)Ited in  the A. P. ~RUEGER  AND  H.  T. TAM~DA  149 
precipitation  at  the  cathode  of a  dense  coagulum  giving  the  usual 
qualitative protein reactions.  Furthermore,  there was no migration 
of these compounds into the agar.  Consequently, any such adjust- 
ment of pH was found unnecessary for our present purposes. 
Early experiences indicated that the percentage of agar employed 
as well as the length of time during which a  given ~.. M. ~. is allowed 
to act markedly influenced the lyric titre  of the extract.  Two sets 
of experiments were accordingly undertaken to determine the optimal 
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CHART 2. Effect of varying time of current passage on final phage content of 
extract.  For each experiment:  E,M.F.  100-105 V.  8-10 milliamperes.  20 cc. 
0.5 per cent agar with 0.2 per cent c.P. NaCI in distilled water.  Extractive:  I0 cc. 
physiological saline.  Anti-coli bacteriophage.  Broth pH 7.4. 
condition~  for preparing  concentrated  suspensions.  Charts  I  and  2 
present  the results in  graphic  form,  and  indicate  that  a  maximum 
concentration  is obtained with a 0.5 per cent agar gel through  which 
the current  passes for 18-20 hours. 
Failure to detect with ordinary qualitative reactions any traces of 
protein  or protein-derivatlves  in  the purified  suspensions  led  us  to 
determine  the total nitrogen  content per cc.  The  following figures 
are the averages of several analyses of each type of preparation: 150  PREPAIlATION OF RELATIVELY PURE BACTERIOPHAGE 
(a)  Non-purified anti-coli  bacteriophage in  Martin's 
broth:  0.548 mg. N/cc. 
(22 X 10 s corpuscles/cc.) 
(b)  Purified  anti-coli  bacteriophage in  saline 
solution:  0.092 mg. N/cc. 
(1  ×  1016 corpuscles/cc.) 
(c) Saline extract of purified agar without phage:  0.048  rag. N/cc. 
Consequently, we may attril~ute to the phage itself (1  ×  10  le corpus- 
cles)  only 0.092  -- 0.048  =  0.044 mg. N/cc.  This  calculates to  a 
maximum of 200 atoms of nitrogen per lyric particle, a number not 
exceeding the total of nitrogen atoms found in an ordinary protein 
molecule. 
CO!~CLI/SIONS 
The  method described  above,  based  on  the  electrophoretic  migration 
of bacteriophage particles  into an agar gel and their subsequent 
re-suspension  in  a suitable  medium, has  the  following  advantages: 
It is simple and can be readily carried  out on a comparatively 
large scale  by merely inserting  additional  units  between the same 
electrode  cups.  It  requires  but  one  extraction  and the  resulting  phage 
suspension is  strongly  lytic,  an average sample being capable of com- 
pletely  lysing  susceptible  bacteria  at  a dilution  of I0  -Is. The suspen- 
sion  contains  no proteins  demonstrable  by  the  biuret,  alcohol,  xantho- 
proteic,  Millon or Hopkins-Cole reactions  and yields  but 0.044 rag. 
N/cc. directly attributable to the  phage.  Each  corpuscle  contains 
no more nitrogen than a  single molecule of protein. 
In  addition  the  method  is  applicable  to  determinations  of  the 
electric charge carried by biologically active substances of small dimen- 
sions, e.g., phage, toxins, and perhaps some viruses.  It offers as well 
a possible means of purification of these substances. 
The purified bacteriophage obtained by such a procedure or similar 
ones is relatively unstable.  Work now in progress indicates that it 
does not possess nearly the resistance to chemical agents, drying, etc., 
that non-purified phage displays. 
It is suggested that experiments designed to test the therapeutic value 
of bacteriophage be conducted, when possible,  with purified suspen- 
sions thereby avoiding any possibility of obscure non-spccific reactions 
due to other constituents of the lysates. A. P. KRUEGER  AND  H. T. TArA  151 
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